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INTRODUCTION

At the request of the Bureau of Aeronautlcs, Department of the Navy,
a supplementary investigation has been made 1n the langley 20-foot free-
spinning tunnel on a l/EO-scale model to determine the spin and recovery
characteristics of the Douglas F4D-1 airplane equipped with external fuel
tanks. Previous spin tescts conducted on a model of the XF4D-1 airplane
without fuel tanks installed are presented in references 1 and 2.

Model spin tests were conducted with the external fuel tanks installed
for both erect and inverted spins for the normal loading condition with the
center of gravity located at 24 percent mean aerodynamic chord. One-
third-full and two-thirds-full fuel tanks were simulated. Brief tests were
also made to determine the parachute size required for satisfactory recov-
ery with fuel tanks installed.

SYMBOLS

b wing span, ft

S wing area, sg ft

ol

mean aerodynamic chord, ft

x/E ratio of distance of center of gravity rearward of leading
edge of mean aerodynamic chord to mean aerodynamic chord

z/E ratio of distance between center of gravity and fuselage refer-
ence line to mean serodynamic chord (positive when center of
gravity is below line)

m mass of airplane, slugs
Iy,1y,Iy moments of inertia about X, Y, and Z body axes, respectively,
slug—ft2
Iy - Iy
- inertia yawing-moment parameter
mb
Iy - I
— inertia rolling-moment parameter
mb

2% = X inertia pitching-moment parameter

Ay
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o alr density, slugs/cu ft

o relative density of airplane, m/pSb

a angle between fuselage reference line and vertical (approxi-

mately equal to sbsclute value of angle of attack at plane
of symmetry), deg

¢ angle between span axls and horizontal, deg
v full-scale true rate of descent, ft/sec
Q full-scale angular velocity about spin axls, rps

APPARATUS, METHODS, AND PRECISION

An svailable 1/20-scale model of the Douglas XFLD-1 airplane used
for previous investigations (refs. 1 and 2) was employed for the present
investigation. A three-view drawing of the model as tested with fuel
tanks installed to simulate the FUD-1 is chown in figure 1. The dimen-
sional characteristics of the FiD-1 alrplane are escentially the same as
those of the XFuD-1 (ref. 1) except that the trimmers on the FiD-1 are
slightly larger and the rudder is slightly smaller than on the XFLD-1.
The rudder for the FiD-1 airplane is constructed in two parts: an upper
rudder which it servo-operated and a lower rudder which is manually
operated. The upper servo-operated rudder has an area of about one-half
that of the lower manually operated rudder. The model used in this inves-
tigation wacs not modified to incorporate these changes since they were
small and would be expected to have little or no effect on the spin and
recovery characteristics of the model. For the model tests of this inves-
tigation, the complete rudder was deflected. The trimmers were deflected
for some of the tests.

The lateral and longitudinal controls are combined into one pair of
control surfaces called elevons. Longitudinal control was obtained by
deflection of both elevons in the same direction and lateral control was
obtained by deflection of the elevons differentially. However, in this
report, elevon deflection for longitudinal and lateral control is referred
to, for simplicity, as elevator and aileron deflectlons, respectively.

The mass characteristics and inertia parameters for the normal loading
condition with wing tanks for the FiD-1 airplane and for the loading tested
on the model are presented 1n table I. The model was ballasted to obtain
dynamic similarity to the airplane at an altitude of 15,000 feet

(p = 0.00149¢ slug/cu ft,.
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The XFLD-1 maximum control deflections differ slightly from those

¢ for the F4D-1. A line diagram showing limitations on the maximum deflec-
.:...5 tions of the elevons on the alrplane (simultaneous movement of the ailerons
- and elevators to maximum deflection) 1s shown in figure 2. The maximum con-
“eet 2 trol deflections (perpendicular to the hinge lines) for the F4D-1 airplane
e, and the deflections used on the model are as follows:
[ ] Soe

Rudder ’ deg L] * L] L] * L] L d L] - . L] L] L . . - . L] - - L] - 30 rig}lt ’ 50 left

Elevators , deg . L L] . . L] L] . L] . L] . L] L ] L] - - L] . . 20 up, lo down
Allerons, € o o o« o o o o ¢ o o o s s o o 2 o o o o o 20 up, 20 down
Trimmers, deg « o o o « o o o o ¢ o ¢ ¢ o o o o o o o » 30 up, neutral

Results determined in free-spinning tunnel tests are belleved to be
true values given by models within the following limits:

CL, deg * & @ s e & & & + B s 8 B ° 8 s & s s S o s & 5 3 e » e & » . -}:l
¢’ deg e s e o ¢ e & 8 e @ ° 8 = e ¢ & s e s @2 s s = & = ® e & e ¢ e tl
V’ perCEnt ® ® 3 e & e & 8 B e @8 = B s e € o B S & 6 B e =+ e e * s+ 2 t5
Q’ percent e & & s & e o s * s ® ® * e & & & ® © & s 8 & e = e o o e ‘1:2

.. =L
n

Turns for recovery obtained visuglly o o« o « o o o ¢ o « ¢ o o « o o t%

Turns for recovery obtained from motion-picture records . . . .

The preceding limits may be exceeded for certain spins in which it is
difficult to control the model in the tunnel because of the high rate of
descent or because of the wandering or oscillatory nature of the spin.

The accuracy of measuring the welght and mass distribution of models
is believed to be within the followlng limits:

e & s+ e 8 8 s+ e+ e & & 2 " e+ e = i—l

Welght, percent « « &« &« ¢« ¢« & o ¢ ¢ &
Center-of-gravity location, percent T o« « o « o o o o s o o o o « o o *t1
Moments of inertia, percent « o o« o o ¢ ¢ ¢ o o ¢ o o o« o a s s o o« o« IO

Controls are set with an accuracy of 1:J.O.,

Because it 1s ilmpracticable to ballast models exactly and because
models are inadvertently damaged durlng tests, the measured weight and
mess distribution of the FiD-1 model varied from the true scaled-down
values as follows:

o 1.5 low

to 1 rearward

WEight ’ percent s ® & 83 & e ® @ s e » s * e © & & & *o o o

Center-of-gravity location, percent C . « « « o« o o« & o &

MNOj~ o
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Moments of inertia:
IX’ percent ® ® o 8 ® e 6 e 8 e & & 82 o & 8 B T B E " e & s o l lOW

IY, percent . . . L] L] . L] L] . LJ - L] Ll . L] L] L] . . - L - L4 L4 . l hi g}l
Iz, Percent « « o ¢ o o o o ¢ o o o o s o o s o s s o s o« o« » 1high

The model testling technique is the same as that presented in refer-
ence 1,

RESULTS AND DISCUSSION

Model spin test results are presented in charts 1 to 3 for erect
spins and in charts 4 and 5 for inverted spins. The parachute test
results are presented in table II. All results were similar for the
right and left spins and are arbitrarily presented 1n terms of right
spins.

Erect Spins

The spins obtained for all loadings were slightly oscillatory and
recoveries were satisfactory when a control technique of reversing the
rudder to full against the spin was accompanied by simultaneous movement
of the ailerons to full with the spin. The deflection of the trimmers
had 1ilttle or no effect on the spin or recovery characteristics. Model
results indicated that after recovery it may be possible to enter a spin
in the opposite direction. It 1s recommended, therefore, that all con-
trols be neutralized immediately after recovery. The installation of the
tanks does not alter the recovery technlque previously recommended for
the airplane in reference 1.

Model results also indicated that, for the alrplane, the tendency
to obtain a developed spin would be increased and that recoveries, although
st1ll satisfactory, would be slightly slower when tanks were nearly full
than when they were nearly empty or off. These effects, based on spin-
tunnel experilence with this and other models, appeared to be primarily
due to mass-distribution effects rather than to aerodynamic effects.

Inverted Spins

The order used for presenting the data for inverted spins shows
controls crossed for the established spin (right rudder pedal forward and
stick to pilot's left for a spin to pilot's right) at the right of the
chart and stick back at the bottom. When controls are crossed in the
established spin, the allerons aid the rolling motion; when the controls

S
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are together, the allerons oppose the rolling motion. For inverted spins,
the directions up and down for elevator deflection and angles of wing
tilt ¢ presented on the charts are given with respect to the ground.

For satisfactory recovery from inverted spins with tanks installed,
model results indicated that movement of the rudder to at least neutral
would be necessary and that neutralization of all controls would be desir-
able for recovery. This technique is in agreement with the recovery tech-
nigque obtained from previous tests of reference 2. .

Parachute Results

The parachute test results (table II) indicated that a 14.2-foot-
diameter (laid out flat) parachute with a drag coefficient of 0.71 (based
on the lald-out-flat diameter) and a towline length of 33.3 feet will be
adequate for satisfactory recoveries in an emergency when tanks are
installed. This parachute is essentlally the same as that recommended in
reference 1, except that the towline length has been increased. If a
parachute with a different drag coefficient 1s used, a corresponding
adjustment is required in the dlameter of the parachute. The parachute
towline was attached to the arresting hook to simulate the installation
on the alrplane.

SUMMARY OF RESULTS

Based on results of spin tests of a 1/20-scale model, the following
conclusions regarding the developed spin and recovery characteristics of
the Douglas F4D-1 airplane with external wing fuel tanks installed at an
altitude of 15,000 feet are made:

1. Satisfactory recovery will be obtained from erect spins by rudder
reversal accompanied by movement of ailerons to full with the spin (stick
right in a right spin). To avoid entering another spin, all controls
should be neutrellzed immediately upon recovery.

2. The tendency to spin will be greater and recoverles will be some-
what slower when tanks are nearly full than when they were almost empty
or off.

3. For satisfactory recovery from an inverted spin, movement of the

rudder to at least neutral will be necessary and neutralization of all
controls will be desirable.

G
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L. For satisfactory recovery in an emergency, & parachute 1L4.2 feet
(laid out flat) in diameter with a dreg coefficient of 0.7l (based on the
laid-out-flat diameter) and a towline length of 33.3 feet will be adequate.

Langley Aeronautical laboratory,
National Advisory Committee for Aeronautics,
Langley Fileld, Va., December 9, 1957.
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CHART 1.—SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

Recovery attempted by silmultaneous rudder reversal to full against the spin and
movemsnt of ailerons to full with the spin unless otherwise noted (recovery
attempted from, and developed-spin data presented for, rudder-full-with spins):l

Airplane Attitude Spin d'g’eg:éion Loading(see table . 1) No. 3
Simui Design-flight configuration with
Fyp-1 Erect Right two external fuel tanks 1/3 full
Slats Aititude Trimmers Desired center-of-gravity position
15,000 ft 0° 2i; percent T
Modet values converted to full scale U-inner wing up D-inner wing down
Ailerons ﬁ against
a / a
3L o 8 110
52| 15D 5 6D
22710.21 233 | 0.29
b,c b,c 4
1 i i
£ 3 3
8,8
Lo 297 Ailerons i against
68 1 11D
e,f E
221 | 0.30 No u].\
X
£ c SPIN oS 8
1 NO “ 0
i, o 233 ‘ By
SPIN kbl
| Elevators E.,g& ¢,8 S
ﬁ up 1, 1 i
h Elevatoral 4
2
3w
Ailerons full against 221 |0.3L Allerons full with
(Stick left) ) (Stick right)
c c
NO SPIN 1, 1%
o =
883
4 o kS
o ERY
>l OO
O ] i Wy
~ g e
a] e 02

af.)sc.'Lllntox'y spin, range or averags values given.

bRacove attem a

ind mvement of allesons ro talt (190) Wity the spin.. |1l 88alnst the b1 | (4eq) | (deq) |
CModel recovered in a dive. v Q
dafter recovery, model started spimning in opposite direction. (tes) | (rps)
®Two conditions possible. Turns for
Ta very oscillatory spin. recovery

SRecovery attempted by sirultaneous reversal of rudder to 2/3 against the
spin and movement of allerons to 2/3 {of 20°) with the spin.

bysdel rolled inverted, then entered a dive.




Ci)NFiDiN'ﬁAL. *e §

NACA RM SL57119

CHART 2 .—SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

J;?ex‘:ovex-y attempted by simultaneous ruil
L movement of ailerons to full with the spin unless ctherwise noted {recovery

r reversal to full against the spin and

attempted from, and developad-spin data presentsd for, rudder-full-with spins )1

Airplane Attitude Spin direction | Loading (see toble_I_) No. L
simufated Design-{11zht configuration with
FiD-1 Erect Right two external fuel tanks 2/3 full
Slats Altitude Trimmers Desired center-of-gravity position
15,000 ft 0° 2l percent T
Model values converted fo full scale U-inner wing up  D-inner wing down
ailerons ﬁ against Ailerons i with
d
12v
us |5
260 10.31 26010,31 >300
b,e b,c b c c c,e c,e
1ol 4l
13:25.33 17, 1g Lo?
a Allerons 1 ageinst o
E)
351251 >
51 ]11p a =3
a2
. Elevators L1} o1
250 |e.3opa— 5| o 2%
it ¢ ¢ ﬁ ug y § 5
;’ 1, 2 El;vatox‘g 246 10.31 2|2
= 3vup CETECE %
a Py 1
L2 | 129 z 22
5h | b .
227 le. 3 Allerons full against 246 Allerons full with
(Stick left) (Stick right)
h h 1
i o
a, g
A~
52 187 oo
6y €D - é
o 3| &
208 |c.3 Zlevators ale
L ﬁ down ; %
1 2| -
> 2 HES
|2
&
|

a0:;::1.].1:1;01"5' spin, range or average values given.
bRecovery attempted by simultaneous reversal of rudder to full against

a
(deg)

¢
(deg)

the spin and movement of silerons to full (159) with the spin.
CModel recovered in a dive.
dVery steep 3pin, recovery attempted before model reached final attitude.

v
(fps)

Q
(rps)

©Recovery attempted by reversal of rudder to full against the spin.
TModel recovered in an inverted dive.

Turns for
recovery

SRecovery attempted by simultansous reversal of rudde to 2/3 against the
spin and movement of ailerons to 2/3 {(of 20°) with the spin.

Nyodel recovered in a rolling dive.

isteap and wandering spin.
Very wandering spin.
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CHART 3 ~SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

a [Recovery attempted by simultaneous rudder reversal to full against the
spin and movement of ailerons to full with the spin unless otherwise
noted (resovery attempted from, and developed-spin data presented for,

L

b4 rudder-full-with spins)
-
«2%2% Airplane | Attitude | Spin direction | Looding (seetable_I_) No. L

e e simulated Design flight configuration with
2o, FiyD-1 EBrect Right two external fuel tanks 2/3 full

® o0 Slats Altitude Trimmers Desired center-of -gravity position

15,000 £t -30° 2l percent €
Model values converted to full scale U-inner wingup  D-inner wing down

Lt
' 53
B 5
i <
"l w
< o
R Al
L7 | 100
10D
Elevator
a
2 2 0.28 =
'3 up 53 =
a  a oy
i, ,1 als
&evatorg 2 1§ ol®
2 u E
b ':g
1% E‘“
%)
&
57 10T@
67 6D
21 lo.33 Allerons full agesinst Allerons full with
- (Stick left) (Stick right)
1&, 1%,Ll

5T
538
Lol e
@ | &
>4 O
o |
3
L K]
(4]
-
+
(]
8a very wandering and oscillatory spin. a
bModel recovered in a dive, then turned in opposite direction. {deq) {deq)
- °Oscillatory splin, range of values given. v
9Recoveries attempted by simltaneous reversal of rudder to 2/3 against the (fps) (rps)
spin and movement of allerons to 2/3 (of 20°) with the spin.
Turns for
recovery
-«
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CHART L -SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

el T

13

[hecovery attempted as indicated (recovery attempted from, and developed-spin data
presented for, rudder-full-with spins)

Airplane Attitude Spin direé:tion Looding (seetable_1 ) No. 3
simulate Design-flight configuration with twd
FiD-1 Inverted | piiotts right| external fuel tames 1/3 full
Slats Altitude Trimmers Desired center -of-gravity position
15,000 ft o° 2l; percent €

Model vaiues converted to full scale

0 +
gf o
ol o
] -
[ o
~po
—~ o
<
—fn
b2 | 7
55 3D
233 10.23
Elevatoras
2 “b,e b,ec
= up
3 i, 1

Controls together

U-inner wingup  D-inner wing down

BElevetors full u
(Stick forward)

Controls crossed

{(Stick right)

(Stiek left)

m oA
£ 2 O
o0
L Ta
o
Bl X
o ©
—~ Xt e
"M 2
[2]

a .
Oscillatory spin, range or average values given.

by

necovery

attempted by movement of rudder to 1/3 with the spin.

Fodel recovered in an inverted wide radius steep glide.

a s
(deg) | (deg)

v Q
(fps) | (rps)

Turns for
recovery
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CHART 5 —SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

rﬂecovery attempted as indicated irecovery attempted from, and developed-spin
- date presented for, rudder-full-with spins)

Airplane Attitude Spin direction Looding (see toble_I_)No. 4
simulated Lesign-flight configuration with
Fp-1 Inverted | Pilot!s right | two external fuel tanks 2/3 full
Slats Altitude Trimmers Desired center~of-gravity position
15,000 £t 0° 2l percent ¥

Model values converted to full scale

U-inner wing up

D-inner wing down

Allerons ﬁ against

RC

70

¢ hllerons

0.32

o

SPIN

¥y
3

g

Blevatoras

5w

full
(Stick%“:!}:-' =

forward)

Elevators

L.
o

=
23
o
(5™
o

Controls crossed

Controls together
{Stick left)

{StIck Fight]

N
W
-~
o
n
@

¥o SPIN 1, 1}

fModel entered an inverted dive.

bo;cillatory spin, range or average values glven.

°Recovery attempted by movement of rudder 10° with the spin.
dRecovery attempted by movemsnt of rudder 10° sgainst the apin.
®Model recovered in an erect dive.

tRocovery attempted by simultaneous movement of rudder to 10° with the spin
and movement of allerons to full (15°) with the spin.

8mpdel recovered in an aileron roll.
hRecovery attempted by rudder neutralization.

iiiet.‘.ovcsx'y attempted by simltaneous movement of rudder to 5° with the spin
and movement of ailerons to 2/3 (of 20°) with the spin.

JRecovery attempted by simltaneous movement of rudder 10° with the spin and
movement of ailsrons to 2/3 {of 2¢C) with the spin.

kyisual.
“Model entersd an srest glide.

a ¢
(deg) | (deg)

v a
(fps) | (rps)
Turns for

recovery

™Model recovered in en inverted dive.
BModel recovered in an erect giide.

ORecovery attempted by movement of rudder to 10° with the spin
and movement of ailerons to full with the apin.
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Figure l.- Three-view drawing of the -2—16- scale model of the Douglas
XF4D-1 airplane as tested in the Langley 20-foot free spinning tunnel.
" Dimensions are model values. Center-of-gravity position shown is for
the Design Flight loading.
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By James 5. Bowman, Jr.

ABSTRACT

Model test results Indicated that satisfactory recoveries from
erect spins can be obtained by rudder reversal accompanied by movement
of allerons to full with the spin. To avold entering another spin, all
controls should be neutrallzed Immediately after recovery. For satis-
factory recoverles from inverted spins, movement of the rudder to at
least neutral will be nececssary and neutralization of all controls will
- be desirable.
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